After the first report of induced pluripotent stem cells (iPSCs), considerable efforts have been made to develop more efficient methods for generating iPSCs without foreign gene insertions. Here we show that Sendai virus vector, an RNA virus vector that carries no risk of integrating into the host genome, is a practical solution for the efficient generation of safer iPSCs. We improved the Sendai virus vectors by introducing temperature-sensitive mutations so that the vectors could be easily removed at nonpermissive temperatures. Using these vectors enabled the efficient production of viral/factor-free iPSCs from both human fibroblasts and CD34
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regenerative medicine | nonintegrating RNA vector S afer and more efficient reprogramming methods have been explored since the first report of the generation of human induced pluripotent stem cells (iPSCs) (1, 2) . Toward this end, several techniques have been used for obtaining integration and/or transgene-free iPSCs, including the use of plasmids (3, 4) , the Cre/ loxP system (5, 6) , adenoviruses (7) , piggyBac (8, 9) , minicircle vector (10) , and proteins (11, 12) . However, these methods suffer from low efficiency, require repetitive induction, and/or produce insufficient excision of integrated vectors. Synthetic modified mRNA may solve the problem, but the reagents must be added every day (13) . Thus, more efficient and simple methods are needed to generate human iPSCs with no noise of integration or remaining factors for both clinical applications and basic studies.
An alternative technology involves the use of Sendai virus (SeV) vectors. SeV, a member of the Paramyxovirdae family, is an enveloped virus with a single-stranded, negative-sense, nonsegmented RNA genome of ∼15 kb (14) . Importantly, recombinant SeV vectors replicate only in the cytoplasm of infected cells and do not go through a DNA phase or integrate into the host genome (15) . SeV vectors have proven to be efficient for the introduction of foreign genes in a wide spectrum of host cell species and tissues, and SeV vectors have been studied for applying to clinical studies of gene therapy for cystic fibrosis, critical limb ischemia, vaccines for AIDS, and other areas (reviewed in ref. 16 ). We previously reported that the SeV vectors efficiently generate human iPSCs from human fibroblasts (17) and human blood cells (18) . However, to apply SeV vector technology to the generation of safer iPSCs, the issue of the sustained cytoplasmic replication of viral vectors after the iPSCs have been established had to be overcome, even though viral vectors are slowly diluted during the robust cell division of iPSCs and SeV vector-positive cells can be removed using an anti-SeV-HN antibody (17) . In other words, a more efficient shutdown of viral replication is needed to generate human iPSCs. We considered the use of temperature-sensitive (TS) SeV vectors the likeliest best solution.
Here we show that by introducing point mutations in the polymerase-related genes, we obtained new TS vectors and efficiently generated viral/factor-free human iPSCs from fibroblasts using these vectors by two strategies, (i) replacing the MYC vector only and (ii) replacing all reprogramming vectors to the TS vectors. We also applied this method to CD34
+ cord blood (CB) cells because SeV vector provides a highly efficient gene transfer into human CB-derived hematopoietic stem cells (19) . CD34 + CB cells are the youngest somatic stem cells and are expected to have no postnatal genomic aberration by irritants from the environment or UV rays. They correspond to the hematopoietic stem cells and progenitors with less epigenetic modification related to hematopoietic differentiation. These unique features of CD34 + CB cells suggest that this cell fraction might be an ideal cell source fraction for generating a gold standard iPSC. However, the risk of foreign gene integration (20, 21) needs to be overcome for future clinical applications. We successfully obtained viral/factor-free CB-iPSCs by the TS SeV vectors, and examined the advantages of using the TS SeV vector.
Results
Generation of TS SeV Vectors. The SeV RNA polymerase comprises the phosphoprotein (P) and the large protein (L), and formation of the P-L complex is required for RNA synthesis (14) . Mutations in P or L have been shown to confer temperature sensitivity to the virus (22, 23) . Although a conventional nontransmissible F protein-deficient (ΔF)/TS vector was demonstrated to have low cytotoxicity at temperatures above 37°C (24) , it still expressed the GFP gene at 39°C, albeit at slightly lower levels (Fig. 1B) . Thus, we generated a greater number of TS vectors using combination of known point mutations in the P and/ or L genes and screened for GFP gene expression in infected cells at various temperatures. The TS vectors obtained were (i) P2 vectors (D433A, R434A, and K437A), which contain a charge-toalanine mutation in the L-binding domain of the P protein (22) ; (ii) TS7 vectors (Y942H, L1361C, and L1558I); (iii) TS13 vectors (P2 and L1558I); and (iv) TS15 vectors (P2, L1361C, and L1558I), as indicated in Fig. 1 . In the present study, we chose to evaluate these candidate vectors with combined mutations, because a single mutation appeared to be insufficient to confer temperature sensitivity (i.e., the Y942H, L1558I, or L1361C vector). Furthermore, by using TS candidates with combined mutations, the occurrence of WT revertant, as occasionally observed in RNA viruses (14) , was less likely. In contrast with the conventional SeV vector, the TS7 and TS13 vectors expressed GFP at 32°C and 35°C, and weakly at 37°C, but not at nonpermissive temperatures of 38°C or 39°C. The TS15 vector exhibited greater temperature sensitivity; with this vector, GFP expression was barely detected at 37°C (Fig. 1B) . We confirmed that there was no GFP expression after transfection of cells with the TS7 and TS13 vectors after temperature-shift treatment to 39°C, even when the infected cells were then cultured at 37°C for >1 mo with several passages (Fig.  1C) . None of the vectors was cytotoxic, and all infected cells were attached and live, with or without temperature-shift treatment. Thus, we used these TS vectors to generate human iPSCs.
Generation of Human iPSCs with TS SeV Vectors from Fibroblasts. To apply the TS vectors to generate human iPSCs, we adopted two strategies, (i) to replace only c-MYC-carrying vector and (ii) to replace all of the four gene-carrying SeV vector mixtures to the TS vectors. Our previous study showed that the exogenous c-MYC inserted between the HN and L positions in the SeV vector (HNL-MYC) persisted in the infected cells longer than any other vectors carrying OCT3/4, SOX2, or KLF4 at the top of the vectors (18+). When c-MYC was inserted at the 18+ position, such selective retention of the c-MYC-carrying vector was not observed. This was apparently due to the prolonged replication of the HNL-MYC vector (17) . Because GFP expression with the TS vectors was relatively weak compared with that obtained using conventional vectors (Fig. 1B) , we initially inserted HNL-MYC into the TS vectors so that the initial levels of expression could be restored by the polymerases supplied in trans from the other vectors (OCT3/4, KLF4, and SOX2). In addition, it was hoped that by using this strategy, the viral vectors might easily disappear when the remaining vector was HNL-MYC in the TS vector alone (Fig. 2A) . Using these vectors at a multiplicity of infection (MOI) of 3, we obtained colonies from human fibroblast cells that were alkaline phosphatase (ALP)-positive and exhibited human embryonic stem (ES) cell-like morphology ∼28 d after induction (Fig. 2B and Table S1 ). We then monitored the amount of the SeV genome present during reprogramming and cell expansion using quantitative RT-PCR (qRT-PCR). Surprisingly, replacement of the HNL-MYC vector into only one of the four reprogramming factor mixtures using the TS vectors resulted in a marked decrease in all viral genomes after the appearance of the iPSCs (Fig. 2C) . As expected, expression of c-MYC on the TS vectors was correlated with the viral genome (Fig. S1 ). Then individual colonies were isolated, and the remaining SeV genome in each colony was evaluated. During cell expansion, the vectors were diluted, and most colonies were only partially positive for SeV (Fig. 2D, Middle) . At passage 4, 80% of the colonies were negative for the viral genome using the TS13- HNL-MYC and TS15-HNL-MYC vectors, and by passage 10, all colonies were negative for the vector by qRT-PCR (Fig. 3A , Left). Because the number of SeV-negative colonies was not increased using the TS7 vector at passage 10, although the partial negative colonies were increased, the iPSCs were subjected to a temperature shift to 38°C (Fig. 3A , Right). Incubation of cells at 38°C for 3-5 d was sufficient to obtain SeV-negative iPSCs (Figs. 3A and 4B) with no changes in the expression of human ES cell (hESC) marker genes, NANOG (Fig. 4B ), or the other related marker genes. Quantitative RT-PCR analysis and Western blot analysis of these iPSCs obtained by the first strategy revealed no detectable viral genome or protein expression in the established iPSCs at the late passage numbers, with slightly detectable viral genome or protein expression in the pooled colonies at passage 8 (1/1,000-1/10,000 compared with day 3; Fig. 3 B and C and Table  S3 ). TS15 showed higher dilution than other vectors, comparable to their temperature sensitivities. More importantly, copy numbers of OCT3/4, SOX2, KLF4, and c-MYC genes in SeV-generated iPSCs were the same as in parental cells, in contrast to retroviral-generated iPSCs, in which copy numbers were verified because of the vector integration (Fig. 3D) . The condition and the efficiencies of these experiments and characteristics of obtained iPS clones are summarized in Tables S1 and S3.
Expression of Human ES Cell Markers and Epigenetics. All iPSCs examined expressed hESC markers, as determined by qRT-PCR, and were positive for stage-specific embryonic antigen (SSEA)-4, TRA-1-60, TRA-1-81, NANOG, and OCT4, as demonstrated by immunostaining ( Fig. S2 A and B) . Furthermore, CpG dinucleotides at the OCT3/4 promoter region in the iPSCs were demethylated (Fig. S2C ). Global gene expression in the iPSCs was similar to that of hESCs (Fig. S3A) . Clustering analysis revealed a high degree of similarity among the reprogrammed iPSCs obtained using the TS7, TS13, or TS15 vectors that clustered together with hESCs and was distant from that of the parental somatic cells. These iPSCs had a normal 46 XY or 46 XX karyotype, even after temperature-shift treatment, and could be maintained for more than 20 passages (Fig. S4A and Table S3 ). DNA fingerprinting analysis verified that these iPSCs were indeed derived from the parental fibroblast cells (Fig. S4B ).
Established iPSCs Show Potentiality of Differentiation to Three Germ
Layers. The ability of hESCs/iPSCs to differentiate into all cell types provides the basis for their potential in regenerative medicine. Thus, we investigated the differentiating potential of SeV-generated iPSCs by evaluating teratoma formation. In these experiments, the virus-negative iPSCs were injected s.c. or i.m. into NOD/SCID mice. Histological examination of the teratomas revealed that the tissues had originated from the three embryonic germ layers and included neural and epithelial tissues, muscle, cartilage, bone, gutlike structures, and various glandular structures (Fig. S3B) . We further tested the pluripotency of SeV-generated iPSCs in vitro. Like hESCs, these iPSCs formed embryoid bodies in suspension culture (Fig. S4C ). For mesoderm-derived differentiation, the embryoid bodies were grown in adherent culture with 0.1 mM ascorbic acid and 20% FBS to enhance cardiomyocyte differentiation (25) , whereas an established protocol for hESCs involving activin A treatment (26) was used for the induction of definitive endoderm cells. As a result, SeV-generated iPSCs differentiated into beating cardiomyocytes and endoderm-derived pancreatic cells that stained positive for pancreatic and duodenal homeobox 1 (PDX1; Fig. S4C ). Coculture of these iPSCs with PA6 feeder cells resulted in the generation of dopaminergic neurons (ectoderm derivatives) that were positive for βIII tubulin and tyrosine hydroxylase (27) (Fig. S4C) . These data indicate that the SeVgenerated iPSCs are pluripotent, like hESCs, and respond to different differentiation stimuli. Based on these results, we conclude that the viral/factor-free iPSCs generated using TS SeV vectors meet the criteria of hESCs and could serve as a clinically important source of stem cells without the danger of integration of any foreign genes.
Generation of Human iPSCs from CB Cells. In the second strategy, we obtained viral-free iPSCs from human fibroblasts using TS13 or TS7 vector mixtures consisting of four reprogramming factors (i.e., 4F/TS13 and 4F/TS7, respectively) at a higher MOI of 30 at 37°C, with (TS7) or without (TS13) temperature-shift treatment (Fig. 4 A and B and Table S1 ). In this case, we used a higher MOI because we could not obtain iPSCs at a lower MOI, likely due to the weak expression of TS vectors at 37°C, lacking any supplemental polymerases from mixed conventional vectors. However, an MOI of only 2 was sufficient to generate iPSCs from the CB cells described below, possibly because of the highly efficient gene transfer into human CB stem cells (19) . We infected freshly isolated mononuclear cells with the GFP construct at an MOI of 2 and found that GFP expression was limited to the CD34 + fraction (43% of the CD34 + cells were GFP + cells), whereas no GFP + cells were found in the CD34 − fraction at 2 d after SeV infection (19) . The rate of SeV infection determined by GFP expression in CD34 + cells was increased up to 100% if we used SeV vectors at an MOI of 20. This fraction corresponds to hematopoietic stem cells or progenitors, as reported elsewhere (28) . Then freshly isolated purified CD34 + CB cells (purity of CD34 + , 96-99%) or the frozen CD34 + CB cells (RIKEN BioResource Center; purity of CD34 + , 97-99%), thawed 1 d before infection, were used for SeV infection. These cells were treated with a SeV vector mixture consisting of SeV TS7-OCT3/4, -SOX2, -KLF4, and -c-MYC. Infected cells were incubated under hematopoietic cell culture conditions, followed by cocultivation on mitomycin C (MMC)-treated SNL cells on day 4 or day 10 (Fig. 4C) . hESC-like colonies expressing SSEA-4 appeared after 14 d of cocultivation with SNL (18 d after SeV infection), whereas no colonies were obtained after transfer onto SNL on day 10 (Table S2) . The efficiency with which iPSC colonies emerged on SNL feeder cells using SeV TS7 vectors is also shown in Table S2 . To eliminate remaining SeV virus constructs, ESC-like colonies were subjected to heat treatment at 38°C for 3 d and recloned. SeV-positive cells constituted 60-80% of total cells within hESC-like colonies before heat treatment (clones SeV iPSC 4, 15, and 17; passage 2).
This was reduced to 0% after recloning (clones SeV iPSC 4A, 15A, and 17A; passage 4), followed by the heat treatment. The percentages of SeV-positive cells were determined by the proportion of sum of the area positively detected with anti-SeV HN (envelope) antibody against total colony area. In the agreement with this staining result, SeV constructs were not detected by qRT-PCR at passage 4 after heat treatment (Fig. 4E) . The virusnegative ESC-like clones showed the expression of hESC markers (Fig. S5 A and B) , global gene expression profile similar to that of hESCs (Fig. S5 C and E) , and normal karyotype (Fig. S5D) . Seven established cell clones were tested for embryoid body-mediated in vitro differentiation potential, and three out of the seven clones were found to have in vivo differentiation potential in a teratoma formation assay with SCID mice. All three of these clones were able to give rise to cells of all three germ layers as detected by immunocytochemistry and cell morphology studies (Fig. S5F) . These three lines formed the teratomas with a cystic mass containing differentiated tissues morphologically corresponding to all three germ layers (Fig. S5F) . The characterization of established clones from fibroblasts and CB cells is summarized in Table S3 .
Discussion
The present study has demonstrated that the established TS SeV vectors TS15, TS13, and TS7 are highly effective tools with which we were able to obtain transgene-free human iPSCs. These iPSCs were generated efficiently by robust gene replication, with a subsequent rapid decrease in the level of factor-carrying SeV vectors Table S3 .
during cell expansion (Fig. 2C) . Almost all of the colonies picked up were virus-negative at late passages, and even if vectors were present, they could be easily removed using the temperature-shift protocol (Figs. 3A and 4) . Indeed, the iPSCs generated using TS SeV vectors were free of any integrated viral factors, in contrast to retroviral-generated iPSCs, which express variable copy numbers of OCT3/4, SOX2, KLF4, and c-MYC (Fig. 3D) . We also demonstrated that using TS SeV vectors, virus-negative iPSCs were efficiently generated from CD34 + human CB cells (Fig. 4) . Although the use of synthetic modified mRNA to generate iPSCs has been reported, this is highly dependent on the gene delivery system, because it requires repetitive transfection for 16 d (13). Therefore, it might not be applicable to difficult-totransfect cells, such as primary peripheral blood cells. The addition of decoy receptor to prevent IFN production by host cells is also needed. In contrast, SeV vectors require no transfection reagents or decoy receptors. We suggest that this is a considerable advantage to using nonintegrating SeV; the iPSCs thus generated have a homogeneous genetic background. Several studies on the generation of iPSCs from blood cells and CB cells with integration-free episomal vectors have been published recently (29) (30) (31) . The efficiency of generating iPSCs is lower with episomal vectors than with SeV (>0.1% at an MOI of 2) and varies depending on the construction of the vectors and the nature of the transfection medium used. The major advantage of using nonintegrated SeV vectors is a potent and robust proteinexpressing property that does not require optimization of the transfection medium. The volume of collected CB is 80-120 mL and may contain 2-4 × 10 5 CD34 + cells on average. Our results show that only 1 × 10 4 CD34 + cells, corresponding to ∼5 mL of CB, are needed to obtain 10 independent iPSC clones with SeV. The rest of the CB can be sorted and used for the regular bone marrow transplantation therapy. In addition, there have been no reports of pathogenicity associated with SeV in primates, and the safety of the SeV vector is further enhanced by the F-deficiency that makes the vector nontransmissible (16) .
In the present study, we have confirmed that the SeV vectors were not reactivated or detected in iPSCs at late passages or after temperature-shift treatment (Figs. 1C and 3) . It has been suggested that TS mutations in P and L affect polymerase activity and promote degradation of the virus vector after treatment at nonpermissive temperatures (23) . Based on our findings, we believe the TS SeV vector system that allows the elimination of remaining SeV construct from reprogrammed cells by temperature-shift treatment could accelerate future clinical application of iPSCs generated from cells obtained by less invasive or even noninvasive methods.
Materials and Methods
The induction of human iPSCs was done as reported previously (1, 17) . , or an equivalent number of freshly isolated CD34 + cells, were transferred to 96-well plates in 180 mL of hematopoietic cell culture media with 20 mL of viral supernatant containing 2 MOI each of five SeV constructs (SeV TS7-OCT3/4, -SOX2, -KLF4, -c-MYC, and -GFP). The medium was changed the next day, and then infected cells were cultured for another 4 d, after which 1 × 10 4 infected CB cells were seeded and cultured on the semiconfluent SNL cells in six-well plates in hESC media. After ESC-like colonies had appeared, the growing colonies were harvested with collagenase IV treatment, plated on MEF feeder cells, and cultured in primate ESC medium (ReproCELL) supplemented with 4 ng/mL of bFGF to avoid spontaneous differentiation.
Generation of Sendai Virus Vectors, Retrovirus, and Lentivirus Vectors.
The ORF of human OCT3/4 was obtained from human embryonic carcinoma cell NCCIT cDNA, and the ORFs of human SOX2, KLF4, and c-MYC genes were amplified from Jurkat cell cDNA using qRT-PCR. Those four genes were amplified using NotI-tagged gene-specific forward and reverse primers containing the SeV-specific transcriptional regulatory signal sequences listed in Table S4 . The amplified fragment was introduced into an FΔ SeV vector. Recovery and propagation of the SeV/ΔF vectors were performed as follows. First, 293T cells were transfected with template pSeV/ΔF carrying each transgene, as well as pCAGGS plasmids carrying the T7 RNA polymerase and the NP, P, F5R, and L genes. Cells were maintained in DMEM supplemented with 10% heat-inactivated FBS and cultured for 1-3 d to generate the seed SeV/ΔF vector. The vectors were propagated using LLC-MK2/F7/A cells, an SeV F-expressing LLC-MK2 cell line (1), in MEM containing trypsin (2.5 μg/mL). The vector titers (cell infectious units/mL) of recovered SeV vector were determined by immunostaining using anti-SeV rabbit polyclonal serum as described previously (2) . To generate new TS SeV vectors, mutations were introduced into the conventional TS SeV/ΔF vector (3) by oligonucleotide-directed mutagenesis (QuikChange; Stratagene) with the primer pairs listed in Table S4 . For retroviral production, the OCT3/4, SOX2, KLF4, and c-MYC genes were amplified as described above, cloned into the NotI site of a pMX vector, and then transfected to the packaging cell, PLAT-E (licensed from Dr. T. Kitamura, University of Tokyo). The murine cationic amino acid transporter (mCAT) for retrovirus receptors was cloned from NIH/3T3 cells (Table S4 ) and subcloned into the NotI site of the gene transfer vector pGTV of replicationdefective self-inactivating SIV-based lentivirus. The plasmid and three packaging plasmids (encoding gag-pol, rev, and VSV-G env) were transfected into 293T cells to produce a self-inactivating SIV-based lentiviral vector, as described previously (4) . ALP and Immunofluorescence Staining. Cells were stained for ALP using ALP substrate (1-Step nitroblue tetrazolium/5-bromo-4-chloro-3-indolyl phosphate; Pierce) after fixation with 10% neutral buffered formalin solution (Wako Pure Chemical). Immunofluorescence staining was performed using the following primary antibodies: NANOG (ReproCELL), OCT4 (Santa Cruz Biotechnology), PDX1 (R&D Systems), TH (Chemicon), SSEA4, TRA-1-60, TRA-1-81 (Cell Signaling Technology), βIII-tubulin (2G10; Santa Cruz Biotechnology), anti-SeV polyclonal antibody (MBL), and anti-HN monoclonal antibody IL4.1 (5) . Samples were analyzed with a confocal microscope [MRC1024 (Bio-Rad) or BIOREVO BZ-9000 (Keyence)]. TO-PRO3 (Molecular Probes) or DAPI was used for nuclear staining. Secondary antibodies [anti-rabbit IgG, anti-mouse IgG, IgM, and ProteinA conjugated with Alexa Fluor 488 (green) or 568 (red)] were purchased from Molecular Probes. For CB-iPSCs, photomicrographs were taken with a fluorescent microscope (Olympus BX51 or IX71) and a visible light microscope (Olympus CKX31). Anti-AFP (MAB1368; R&D Systems), vimentin (sc-5565; Santa Cruz Biotechnology), and desmin (M0760; Dako) were used for staining of differentiated tissues.
In Vitro Differentiation of Human iPSCs. Embryoid bodies were generated from clumps of human iPSCs in suspension culture for 6 d in DMEM with 20% FBS, and then grown in adherent culture on gelatin-coated dishes with ascorbic acid to induce differentiation into cardiomyocytes (6) . For embryoid body-mediated spontaneous differentiation of CB-iPSCs, DMEM/F12 containing 20% KSR (Invitrogen) was used instead of DMEM with FBS. For differentiation into dopaminergic neurons, small clumps of SeV-generated iPSCs were cocultured with PA6 (stromal cells derived from skull bone marrow; RIKEN BioResource Center) in Glasgow Minimal Essential Medium (Invitrogen) containing 10% KSR (Invitrogen), 1 × 10 −4 M nonessential amino acids, and 2-mercaptoethanol for 16 d (7). For the induction of definitive endoderm cells and pancreatic cells, small clumps of iPSCs were cultured on feeder cells with 100 ng/mL of activin A (R&D Systems) in RPMI1640 (Invitrogen) supplemented with 2% FBS for 4 d, followed by an additional 8 d of culture in DMEM/F12 supplemented with N2 and B27 (Invitrogen), nonessential amino acids, 2-mercaptoethanol, 0.5 mg/mL BSA, L-glutamine, and penicillin/streptomycin (8) .
Teratoma Formation by Human iPSCs. Human iPSCs grown on MEF feeder layers were collected by collagenase IV treatment and injected s.c. or beneath the testicular capsule in SCID mice (SLC Japan). Palpable tumors were observed typically 1 mo after injection. Tumor samples were collected after 2 mo in most cases, fixed in 10% formalin, and then processed for paraffin embedding and H&E staining using standard procedures.
Whole-Genome Expression Analysis. For transcriptional analysis, total RNA was isolated from cells cultured in six-well dishes using the RNeasy Mini Kit (Qiagen). Cyanine-labeled antisense RNA was amplified using the Quick Amp Labeling Kit (Agilent), hybridized with the Gene Expression Hybridization Kit on Whole Human Genome Oligo Microarray (one color, 4 × 44K; Agilent) and analyzed with an Agilent microarray scanner. Data were analyzed using GeneSpring GX10.0 software (Agilent). Two normalization procedures were applied. First, signal intensities <1 were set to 1, and then each chip was normalized to the 50th percentile of the measurements taken from that chip. Each gene was normalized against the median of that gene in the respective control to enable comparison of relative changes in gene expression between different conditions. The microarray data of hES H9, KhES01, BG ESCs, and retroviral-induced human iPSCs Fig. S1 . qRT-PCR of exogenous c-MYC expression by SeV vectors in transduced cells performed during reprogramming and subsequent expansion of established iPSCs as described in Fig. 2C , but using the primers listed in Table S4 . (Table S3 ). (B) Fingerprinting of SeVgenerated iPSCs. PCR analysis of three variable number tandem repeat loci of D17S1290, MCT118, and ApoB-100 using genomic DNA from the SeV-generated iPSC clones confirmed that these clones originated from human fibroblasts, namely BJ and HDF cells. (C) In vitro differentiation of viral/factor-free SeVgenerated iPSCs. (Upper) Viral/factor-free SeV-generated iPSCs formed cystic embryo bodies in suspension culture. (Lower) In vitro differentiation to three germ layers. Putative dopaminergic neurons coexpressing tyrosine hydroxylase (TH) were generated cocultured with PA6 cells, beating cardiomyocytes, and pancreatic cells expressing PDX1. 
